


















































































































the two points where the plate ' s edges pass through the contour value 

and then drawing a straight line between them. Each o: the four tri

angular plates is contoured in succession , and the process then moves 

to the quadrilateral defined by the next set of grid points . 

10 . The algorithm for this operation is further described ln the 

flowchart in Figure A5 . As mentioned earlier , the array z may be 

equated to T , to plot a wave- front diagram from computed travel times , 

or it may be input to the program as observed data . The graphic func 

tion is represented in the flowchart in very general as a DRAW 

operation , ln which a line segment is drawn from the point X ' p 
the point 

depend on 
X ' q 

y . 
q 

The form of the coding for this operation 

the computer and the programming language used . Provis i on 

to 

for scaling the plot , not shown in the flowchart , must also be provided 

in a form appropriate to the computer and the programming language . 

Supplementary graphical operations , such as plotting the node points , 

labeling , and the like , are also omitted from the flowchart . 

11 . The contour map produced by this routine has a somewhat 

mechanical appearance , which can , however , be improved by finer division 

of the grid . Maps generated so far have been relatively free of spurious 

features , though knife- edge contours or branching of contours may appear 

where adjacent grid points lie at the same contour value . Such fea

tures are mathematically possible , but are normally excluded from con

tour maps by convention . If these effects are considered objectionable , 

they can be eliminated by hand- tracing and smoothi ng the computer

generated contours . 
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Figure Al . Geometry of the travel time problem 
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READ 

NUMBER OF LAYERS, L 
LAYER TH ICKNESSES, D(l) FOR I = 1 TO L 
LAYER V ELOCITIES, V(l ) FOR I = 1 TO L 
NUMBER OF DETECTORS, M 
DETECTOR DISTANCES, X(l ) FOR I = 1 TO M 
NU~BER OF SHOT POINTS, N 
SHOT POINT DEPTHS, Y(l ) FOR I = 1 TO N 

I = 1 

C0 
, 

Z1 = ABS(Y (I )) 

Z2 = 0 

J = 1 

• 
Z2 = Z2 + D(J) 

Z2 > Z1 
? 

, Y 

N 
• 

DO = Z1 - Z2 + D(J) 

H = 1 

Xl = ABS(X(H)) 

J = J + 1 .__...,j 

. 

y 

Xl = 0 
? 

T1 = DO/V(J) 

J = 1 
? 

N 

K1 = 1 

y 

T1 = T1 + D(K1)/V(K1) ~-o-•------, 

N K1 = J - 1 ~;...___.~ K1 = Kl + l.__...,j 
? 

.,Y 

T(l , H) = T 1 -
.. 

Figure A2 . Flowchart for computation of travel t i mes of 
seismic signal between shot points in a borehole and 

detectors on ground surface , for a horizontally 
stratified earth (Sheet 1 of 6) 
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y 

3 
U =-(Xl) 

4 

Ul = U/15 

. 
A = TAW 1 (U/00) 

K = 1 

CALL SUBROUTINE 
R 

N T1 = V(X1)2 + (Z1)2 

V(l) 

K = K + 1 

N 

U1 = Ul / 2 

y 

Figure A2 . (Sheet 2 of 6) 
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N 

--- -··-------

y 
T(I,H) = O 

RO = R 

uo = u 

U = UO + Ul 

A = TAW1 (U/00) 

K = 1 

y 

CALL SUBROUTINE 
R 

N 

Ul =. (Xl - R) (U- UO) 
( R - ROJ 

K = K + 1 



T1 = 0 

K = 1 

O(K) 
T1 = T1+ ------~--------~-

V(K)COS ~IW1 [~~~))SIN A]) 14-----------------. 

N K = K+1 

DO 
Tl = T1 + V(J) COSA 

T(l, H) = T1 

N 

y 

K = J + 1 

K1 = 1 

Figure A2 . (Sheet 3 of 6) 
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N 

N 

N 

N 

y 

y 

K = K + 1 
K1 = 1 

H = H + 1 

N 

I = I + 1 
y 

-
K1 = J + 1 

N 

y 

N 

Figur e A2 . (Sheet 4 of 6) 
All 

K1 = K1 + 1 

K1 = K1 + 1 

K1 = K1 + 1 



T1 = .....!L_ + DIJl - DO 

V(K) V (J)COS (siW1 [V(J)J 
V(K) 

K1 = 1 

K1 = K1 + 1 

K1 = J + 1 

N 

T1 = T1 +--------0~(K_l~)~~~~ 
V(K1 ) COS ( SIW

1 
[ ~~1/J) 

y 
y 

T(l , H) = T1 

N 

K1 = K1 + 1 

Figure A2 . (Sheet 5 of 6) 
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SUBROUTINE R 

R = 0 

K = 1 

N 
K = K+ l 

R = R +DO TAN A 

Figure A2 . (Sheet 6 of 6) 
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Figure A3 . Quadrilateral grid for 
contouring of gridded data 
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Figure A4 . Representation of topographi c 
surface by triangular plates 
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READ 

NUMBER OF COLUMNS, M 
NUMBER OF ROWS, N 
X- COORDINATES OF NODE POINTS, X(l), FOR I = 1 TOM 
Y- COORDINATES OF NODE POINTS, Y(J) , FOR J = 1 TON 
Z-COORDINATES OF NODE POINTS, Z(l, J) FOR I = 1 TOM, J = 1 TON 
VALUE OF LOWEST CONTOUR, CO; HIGHEST CONTOUR, C2; CONTOUR INTERVAL, C1 

J = 1 

I = 1 

X1 = X(l) 
X2 = X(l + 1) 
X3 = X(l + 1) 
X4 = X(l) 
Y1 = Y(J) 
Y2 = Y(J) 
Y3 = Y(J + 1) 
Y4 = Y(J + 1) 
Z1 = Z(J , I) 
Z2 = Z (J, I + 1) 
Z3 = Z(J + 1 I I + 1) 
Z4 = Z(J + 1, I) 

XO = (X1 + X2 + X3 + X4) /4 
YO = (Y1 + Y2 + Y3 + Y4) /4 
ZO = (Z1 + Z2 + Z3 + Z4 )/ 4 

Figure A5 . Flowchart for contouring gr idded data (Sheet 1 of 4) 
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K = 1 

c =co 

y 

N 

y 

Figure A5 . 

XP = X1 
YP = Y 1 
XO = X2 
YO = Y2 

XP = X1 
YP = Y 1 
XO = XO 
YO = YO 

(Sheet 2 of 4) 
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Z1 < C < Z2 
OR 

Z2 < C < Z1 
? 

y 

XP = X1 + C - Zl (X2-X1 ) 
Z2 - Z1 

YP = Y1 + C - Zl (Y2 - Y1) 
Z2 - Z1 

z2 < c < zo 
OR 

zo < c < z2 

y 

C - Z2 
XO = X2 + ZO _ 

22 
(XO - X2) 

C - Z2 
YO = Y2 + ZO _ 22 (YO - Y2) 

DRAW 
(XP, YP) TO (XO, YO) 

N 

N 

Z2 < C < ZO 
OR 

ZO < C < Z2 

y 

C - Z2 
XP = X2 + ZO _ 

22 
(XO- X2) 

C - Z2 
YP = Y2 + ZO _ 

22 
(YO - Y2) 

ZO < C < Z1 
OR 

Z1 < C < ZO 

y 

c - zo 
XO = XO + Zl _ 20 (X1 - XO ) 

YO = YO + C - ZO (Y1 - YO) 
Z1 - ZO 

N 

N 

C = C + C1.,.-------------------------' 

y 

Figure A5 . (Sheet 3 of 4) 
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N 

N 

I = I + 1 

y 

J = J + 1 
I = 1 

N 

Fi gure A5 . (Sheet 4 of 4) 
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K = K + 1 

0 1 = X1 
02 = Y 1 
03 = Z1 

X 1 = X2 
Y1 = Y2 
Z 1 = Z2 

X2 = X3 
Y2 = Y3 
Z2 = Z3 

X3 = X4 
Y3 = Y4 
Z3 = Z4 

X4 = 01 
Y4 = 02 
Z4 = 03 




